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Abstract 



PURPOSE: To enhance tlie cliaracteristics of a semiconductor device, utilizing a metal element which 
accelerates crystallization of Si. CONSTITUTION: A thin film transistor is constituted, using a crystalline Si 
film obtained by utilizing a metal element, Ni, which accelerates the crystallization of Si. A source region 108 
and drain region 109 are produced with Ni by implanting ions of an element. P, for gettering Ni and 
annealing to getter Ni. For forming a P-channel type thin film transistor, for example, both phosphorus and 
boron are used; phosphorus determining the conductivity and boron being used for gettering. 
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1 

M«tC3 X 1 O^'^-l X 1 O^iM^ycm^ OS^-T^ 

1 0 ^ « ig^/ c m3 oasTasjfl $ nfefesi* ^ u n > 

ffi«{C3X 1 O^*--! x 1 O^iM^/cm^ c3!>«a^T» 
D 1 X 1 O^o— 1 X 1 O^iM^/cm^ ^<Wita^tlX 

m^mb] m^±\z^^-^nrc4^mf^^xy^^-:>m^^t 

fi^tcax 1 O^*—! X 1 02ill^Xcm» 

5n$n> 35^-Dffll«*ty-;^ . H W >««(c«<o«ficfc 

D 3 X 1 0^8-^1 X 1 02iM^/cm3 ^<^iin$nT 



(2) #M^8-3 3 0 6 0 2 

2 

^£:a^-r^MIK7U3S<hbTn^>r^;Wti x i o^^^i x 
i*tBfi&ttS<^y-X • Hl/^>M^t. LDD^«<h(C 

^Sfifxet. 

'&«cD^iS^^4x 1 0^«'-7 X 1 O^'M^/^cms Tab 

fs^^v-Ts' ^V'i>m.mzmi\^n^m(r>mmti^ 

3 X 1 O^^'-l X 1 O^iJl^/cms 
X5S<i:. 

tttlB^ttSCDL D DffiJStCjB^^JoT^xea:. 

ttf is^i4^ L D D \zmm ^mm-t ^ Jim t , 
iiftBfi&ttMoy-x • H w^s^tcfiffl^^^HD-r^x 

sjfi-rxeih&wb, 

Jinsns«©««*Mx 1 o^*-'7 X 1 o^^is^/cm 
y-x • }^U'i>mmizmm^n^mm(Dmmib^3 x i 

i[:^m^'r^miiSi7Lmtvx:z^y^)vf)^i x i o^^-i 

>m^mm'r^^m^mm(Df¥m:^m\z:^^^x. 
mtm^^i^ u n >m^m§k<D^m»mm<DfSi^m\z^ 

MiBisttecoL D D««fcsi*&ssjiD-r'SXiea:, 

irisy-x • FW>"^^{ciJiig&^iinT^xg<h, 
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3 

[ii*^ 1 3 ] M«J1 1 1 1 2 (C:feViT, L 

DDffi«fcasira:sn'5«o«S;&*4x 1 o^^-yx 1 0 

»S:0««CO«S<t D 3 X 1 01^-4 X 1 Oi^M^/cm 

v-x • vv-^ywmzwM^n^m<Dmmti^z x i o 
i^-i X 1 02iii^/cm3 i)^^f&m,mzmxi 
^n^mm<Dmmf}m<Dmm^r^ ^ xio^^^'-ixio 

[0 0 0 1] 

'>U3>^$*r^li^h^>>^X^ (TFT) ^Oiifi 

>^m^\zmt^%<D^^^. mz. *^m«> 

[0 0 0 2] 

(Z)N^>>?X^, ^^t^n>^nm:h'y>z^7s^ (TFT) 



(3) i|#ig¥8-3 3 0 6 0 2 

>T F T^m^^-y U n >T F T twe* <i: ^ fCl^S'J^n 
ttl^#Jg^-> U n >T F T t j^l*;$n^o 

[0 0 0 3] -JKtCT^;i/7TXt^fi8C0^»#CD«»i» 

m<DT¥T (PMOSCDTFT) ^^U'^^Z. tf)^X^ 
?5:Vio bfc;0^oT. N^^^;i/^TFT (NMOSOT 
FT) tja^5^^*5-&T. ffi*l^a)MO SUFIS (CMO 

[0 0 0 4] ilSfi1*¥««^Ji. 7^)Vy7 7.^m 

~^mX$>^o m^^-yOZ2>X\t. NMOSC7)TFT;^c 
\ffX:^<. PUOS(DTFT%mWZl^iE>n^<DXCM 

o s i5iKSr?^«-r^ z. tf}^mx;Sb^o 

20 [0 0 0 5] #^mi^aoi!^att>'U=3>K«. mM^^ 

xn^z,t,ffix^^o 

[0 0 0 6] m7:r^-)v\z^^^m\zm\^x\-x. 

6 — 2 4 4 1 0 4{Cte3£$n'2)ck'PtC. :=^y^)V. tt. 
T X U :3 >Ojeaib€:ffiiiT'5a;ll&f«J^r -5 il t 

[0 0 0 7] mmisim&u. mz. 4*11^6-3 is? 

01, fSI6 — 333951 ^tC^^^nrVi^o fSi^. 

zi(D^o tzm^itmrnTtm^m-^^ >- u n >m:\z^\^^x 
tt, ^(omz-i^>)^—}:i>^mm(D^mz^^xi^m 
^T>m(r>^nm^^y^m^ • axt* '5;l^:^c<i:^v- 
40 6 — 2 6 7 9 8 0, 116 — 2 6 7 9 8 9) 

[0 0 0 8] c:G)J:3;a:S«tc«> J!8SYb»jK7clBG>» 

ap^^ 1 X 1 O^s^l X 1 0^«J^T/cm3 <ht*^e:t:^>^ 
-^coftfeKTcS^aia^tt, 2;^C-r:t>'M«5)^#ffe (S IM 

s) tCcfcoT, ^^-^^nfcS^MchbT^ii^n^o ^ 

[0 0 0 9] 

50 [^W;0^«^Lcfc3i:'r-S^M] X^ti^l^tS^fA^. ±Mm 
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5 

%(D<D. OFF ^dKC0ii![Vii^teCD^Vit)C7):;5^J^<ll^$n 

i©^, OFF nMtm^^tzn'vi^<. off 
[0 0 10] OFF mMtm<u^r:Ly>. ±.m<r>^omi 

[0 0 11] z.n^(D^oi^^mt. 

[0 0 12] 

^)^#F0^^^T^^b;^^)<;)«, OFF m^:dtltKW{S 

y 3^ U > iJ/f S il^tt V i ^ d i: $ nr V> S 
[0 0 13] ^(Dm^^z^^t. m\t:^y'rMzMVX 

mzM^>^y^o>^<Dmm^^'ro ^<Dm. is-^fti: 

^i^^^M^f)^<DmX^^h. — y;^O0FF 

fc*f-r'5M:^#<&«iATi^'5 z, tf)mmx^^o 
[0 0 14] *»5g<^>»itt, isafb^afi-r^MsiTc 

[0 0 15] *S!§B<^m2«, j|6S>fbS:a:g:'r^ftb«7C 

• ]^u^>mm\zm^^t^-(:t>^. ^^0'i':t>H- 

U >- U 3 P ^O^HB®! <i: 

[0 0 16] ^^Hjomsti, m^^t^mm-r^mmTc 



(4) 3 0 6 0 2 

^^>&xm\z^Dm.A\^rz<Dt>. ^^izm^z^-oxN 
10 -r^o 

[0 0 17] *^^<Dii4it, jga^b^a^g-r^tt^^Tc 

* » A ;^cite Stt V U n >S[ filtt® CO L D D 

o) feb<«-f :t>^Affi(c<fcD> mx\^rc<D%. mr 
[0 0 18] ^mm(Dm5\t. f^^it^m^-r^mmTv 

A • ^v^>m^h\zvmo>^mmt:mtnm(D:^mx 
[0 0 19] :^mm<Dm%\t. m^it^m^-t^mmt 

30 3!l€r«AL;^teStt5^U3>Iie7&>^^J5fSttB(OLDD 

•5) 'bL'<ti-r:t>i^Ai*frct:D. ^AbfcO-^, 

« fc <fc o T N b b u :3 > p m(D^fsm ^mt 

^3WiK»cofi&tt^b&ff"5e:.h{c:J:oT, P^¥«{t^^«^ 

10 0 2 0] :^^mo:>mi\t.. m^it^^^-r^mMTc 
T, -^coLDD^^^y-x • Yv^>mmh\zm^^ 
\^>^^h^\i^'^) %iy<\%^^>&xm\z^K>. aA 
(Dm^\z¥m<D^mm^mt,mm<D:^mx&xv. mcr 

U 3 >ag<7)J^af4(7)3fe#(i:^ji*fi^<^fil^4>fb^fT-5 
J;oT> ll-««±(CNM¥««^S®tP^¥»«:iie 

50 [0 0 2 1] ±M(r>:^m^(Dmi7bmM7\Z^\^^X. ^ 
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7 

[ 0 0 2 2 ] jtt«7c3RO«Stt> IXIO^^'-IXIO 
^^M^/cm' (D^gF^iT^iiaiJOW^Ut^^o 1X1 

Ji6S-r'5«i«&#^cit*«T^:^Vio iMt. i x i 

MMiJ'W^ (S IMS) fCcfcD^W> aHJ^L/hfiK^g;^ 
[0 0 2 3] 

t)0^fi-rc site. **igfi?l|cr)#Kh^>>?X:$^0?f^ 

[0 0 2 4] *-r> fi'yTsMM, (*IIJf6l?!ITJSn--> 

^7 0 5 9 ^ffiV^^) 1 0 1 Jif^iP^ 2 0 0 0 AOT% 
»ft3**JR 1 0 2 -eo$^lC±lCiP$ 5 0 0 AOT 

^;i/:7rX'>U3>Mi 0 3^:/^;C-tcvdS{cJ:0 

aJ^WtC^KRTSo -eUT, 1 0 p p mCDR^zi ^jl' 
(A) ) 

[0 0 2 5] -^UT> 5 5 0t:T4^Wc7)^f5*=-TflSiT— 
—)\/^^^t.\Z^X>. T^;i/:7rXvUn>JHl 0 3S: 

[0 0 2 6] 5 sot:, 4^WtVi"5ffiM 

7 0 h ^ (D^^^mLmx^^ > M^WTjai3i*r^'5c7>Ji 

-*^>5r;V0f^ffltCci:^o PJaifC"::?ViT«iRFlB^6-2 4 

4 1 0 4{Cl2$nTVi^o 

[0 0 2 7] tti«7C*C^aiS«. 1X10^5^1X10 

SS/hfiiT 1X10^^-5X1018 ig^/ c m3 

D, ::0{i«2 2fc-f:t>'Kft8^*Ff3* (SIMS) IC^D 



(5) i|#iB^8-3 3 0 6 0 2 

[0 0 2 8] C(?)cfc'5{CL/T*ie»nfcil@att>-U3>m 

1 0 4<^jiestt&$^icia«>^fese>ic, 

J6^J"rtiK r FX^^v'W— if— (jftS2 4 8 nm, ?\ 
;PX*i3 0 n s e c) ^ffiffif'Sa l^— tf— CDX*;!/^ 
"^^t^l 00mJ/cm2 --5001111/^0 1112 0 
«5fflT?Kjl6Sttv U n >IB 1 0 4 a)jieStt)(^*T^'5fcfrj- 

7 0mJ/'cm2 TW— if— flSi^SfT?5:'5« fillt^*<^ 
mWi^. JiiBx4^->vu-if-(CHf-Aif>rX&jl8;^^ 
l/-if-t:-A^I^RSIti^fC^b^§^Wf::r^b 

S^, 2-2 0'>3 hOU— if-:)tj&^Mit$n§ck^> 
tc-r^o ^fc. L/-if-^l*^c?:)fiSmffifi2 0 oict 
T^o (SI (B) ) 
[0 0 2 9] «iatt>^U3>Kl 0 4«:ft«(CX 

-/^>^bT, &«i^Un>^^l 0 5^?^^r^o $ 
etc, y^XvCVD^JC<fcoT^$ 1 2 0 0 AcDKIb 

j£ie^OS£MS(^2 5 0 — 3 8 Ot:, 3 0 0 

t:(i:L'fCo (^1 (C) ) 
[0 0 3 0] 5l^jSViT> X/l-ZiJ'^tC.fcoT, 3 
000 — 8000 A, W;?ttf 6 0 0 0 AOT;l^^Xij7A 
(0. 1 -2%(Di/Un><&'g'tf) ^:^ffibT, X>y 

5^>i^bT> y-r hm® 10 7 ^m^-r^o m i 

(C) ) 

[0 0 3 1] mz. ^:t>]^-\fy^m\z^'DX. 

i/U3>®«l 0 Stcy-f h«ffil 0 7^VX^i:L.T 

— 1 0 %tc|&S^$n;/^:7:tx:7^ > (phs ) ^fflv^ 

-So JD3a«JEtt6 0-9 0 k V> «?!1A«8 0 k V> H- 

xam X 1 o*»— 8 X 1 o^sjg^/cms = m^\t. 

2 X 1 O^^Si^/cm^ ^-r^o il<^*#{C:feViT, j» 
-f:^>tt3 X 1 Oi^iS^/^cm' (D««^ft*t-> U 3 > 

M*^i 0 5 ic^ja^n^o dcDJi^:^. N^o^^jffiife^^^ 
10 8 (y-x) , 10 9 (Hk-r» d^j^jsK^n^o 

(01 (D) ) 

[0 0 3 2] ^^mA(Dmmz^^tNm^v<\tFm 

X 1 0^«— 1 X 1 O^if^^/cm^ (DttHfCAoTViS 
[0 0 3 3] -^-UT, H-t!>iy$n?t«^filtt{bU, 

ti^^m\z:z,-j^)V(Dyy^^)y^^ffio^^rz.mz. K 

r FX^^^V'VI/— if— ^£:^l.iT3tTX-;l'J£fT;^3o 1/ 
— if-0X:*^;V^— 100 — 350mJ/^cm 

3 > ^J^^f. 250mJ//cm3 <hT^o fi^lt^^CDM 

eid^ ±iBx^'>-Tl/— if— CQtf-Aif-rX^£i8;i'5« 
U-if-lf-A^*M«-W(c^#Lffi5fct«fcre»l/;5: 
5^? ;0^6Mj*<£fT'5c ClcOii:^, *^l*ife|CO 1 Steffi a 
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■rSo ^^fz.. I/— !f-flii«KfOS«MS«2 0 Ot:^:-r 
(E) ) 

[0 0 3 4] jfSv^T. 0 0 {^ A<K>mitmM^i 1 

0^»Wi»jR«a:bTy^XvCVDS(C<fc-:)T?^^ 

m-wMiii. 112 ^m^T^. mwz. i mje© 

*3RllfflaCT2 0 0-35 OlCCDfftrri-JV^ff 
(lai (F) ) 

[0 0 3 5] mmm2:\ ^mmm-vit. i^&it<Dfim 

[0 0 3 6] ^mmmummml<Dxm{zFm<D^^^m 

mi (c) jc^-ra-f :t>^F-tr>^Lfc^{c, x« 
m^^>^Y-\i>^f^^mz^m'rn\t^^^\ ^y. 

iiliu $ n ^ P ^ o^iMft-r ^ >(D H - 1! > i^Xg t:: H L 

[0 0 3 7] y^mmmx\i. vU3>««{cy-f hma 

(B2H6) ^ffi^^i^, JniSejaE« 6 0 9 0 k 
V, ^J^«80kV. F-XS«1 X 1 O^^'-S X 1 0 
'^m^/cm^ . ^JAt^. 4X 1 O^^M^/cms iit* 

-So 

[0 0 3 8] ;^*3. *XiStCJ:OV-X • FW>^^ 
»ffi«*<7>-en^5lii:feagRj^^3xi o^^'-ixi 021 

F-bf^^WpcDSSMMttSmtTSa il^jte^. PH 
CD^j^i^Mii^ 1 0 8 (y-X) , 109 (FW» 50« 

[0 0 3 9] ^mmmx\t. p^coTFT^f^K-r-sBS 

P^O»«tt&f*^T'5^l««&C0^-C;^<. — yy>ll/& 



(6) #11^8-3 3 0 6 0 2 

n, :^>>C)^^i:ri:tci|#ttcoff^':::)^(^ii>:^^.iTFT^f^ 

[0 0 4 0] mmm3^ ^mmmx\t. jfesYk^as 

X- FU-f >««{C«^-&tf-r:t>S, ^^<^-f5*->F 

— tf>i5/S (y^Xv F-h!>i>^tea:t>V^'5) fcJ:D. 

axu, $e>tcPMc[>>F*B«?-f ^> i^mi&mx\tmm 
^^t^-i^ty) ^mnmzmxLx. m-m^±\zM^ 

[0 0 4 1] m2\t:^mm<DTFT<DiiFmj:mmx^ 

0. CMOS^OTFTCDf^SaxeSr^fo 1^2 

(A) Jc^'r<i;3fc, :«f^XSS (ii-r:>i/l7 3 

'g)::/7XvcvD&tc<:toT, rmmtys^^m^tmrnm 

202^1000 — 5000 A. mXli. 2 0 0 0 AO 
XvCVDSJCJ:oTiP$ 1 0 0 0 Ao[)T^;^:7 r A v 

Un>l^2 0 3^^K-r^o 

[0 0 4 2] :k\z. ^^m^mm2 o 3<Dmm\zmmit 
7KmyK\zj;:^x^^vt3i^^m^^mm^^<m<m^T 

:f^\Z. 1 ~ 3 0 p pm> 05;ttf. lOppmcD-^;; 

^KT^o (0 2 (A) ) 
[0 0 4 3] ^(D^. SSl^ffl^T 5 5 0 1:> 4NpW<^ 

2 0 3f)^^Tm<Dmitmmm2 o 2^mv. _h;5^^T 

[0 0 4 4] ±l2T--;HcJ:Sjea'fi:xSco^, Xe 

C 1 W-if- (&:B3 0 8nm) Sr^ltLT, feS^bS 
[0 0 4 5] mz. 02 (B) Izmr^oiZ. jfeSYfc^ 

2 0 5 > 2 0 6 ^^n^nm^^^o ^(D^. =e 

\Z^'dX. 1 0 0 OAoK>fb3lfelRK2 0 7^¥^ h 

mmm^x^x^mrr^. 

[0 0 4 6] ^\^m^^x. 7.ny^mz^^x. i^$3 

0 0 0 — 8 0 0 OA, M;t^i4 0 0 0 AOTJVSn^A 
m (0, l-2%<^X;^>>^':7A<&^tP) ^^fiiSLT, 
X-/^>^UT, y-r heffi2 0 8, 2 0 9<£J^J«b 

[0 0 4 7] :;^clc, 02 (C) \z^r^o\z. -i':r>F 

— h!>^/?*(CJ:-3r, a«>'U3>««2 0 8> 20 9 

50 -en-enfcy-r hms2 0 9, 2 i o<£vx^<hUT, 
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(PH3 ) ^m^^^o im^mmiie 0-9 0 k viiL, 

H-Xa«l X 1 O^^'-Sx 1 Oisjg^/cm^ LTtl 
2|i:^JS«T«> Jn^aejEE^S 0 kVtU 2x 

2 0 8, 2 0 g-^ti^njc^Jin^nT, NM<35:^^iififtffi 

Ji^2 1 0-2 1 3jO^J^^$n^o 
[0 0 4 8] ^(C, H2 (D) fC^-r<fc'5(C. ii;^^3I07 

*^sfi0yT«> mm^w^mr^. K-t!>y;^xi: 

UT. **IT5%JC#|R$n:fei^:P^> (B2 He ) ^ 
fflVi^o iini^miEt^e 0-9 0 k V«hb> F-XS(il 
X 1 0^* — 8 X 1 0^5jg^/cm3 <h-rtltf<fcVio 2|s:|| 
JSWT^. tammB\t 8 0 k V a: b> H-XS^ 4X1 

2 0 6 tC*3l^iT> Nm(D^m«0l^iA2 12, 2 1 3 0» 
Sia:<?^;SKbT> P^(^^tti^M*^2 1 5 (V-X) , 
216 (HU-r» >^^5^^$n^o ki^XhcDV 
2 1 4T««Snfc^iffi«i««2 10, 2 1 1 CD» 

[0 0 4 9] ci<oxe{c;feViT> V— X • F 

>««2 15,21 6*<Dli3R(0«fficDS:^ffl;J?>^, j» 

CD^^*^^<D^nS:^lV^fc:^S30^3 X 1 0^«-l X 1 0 

[0 0 5 0] *fc, *SI]^^JT«, j^-r:t>^^5nL;^c 

m^\t. 5fer> 0 2 (D) IC^-r^k^lC, N^TFTO 

^^iinr^o ^LT, 1/>^X hOVX^ 2 1 4$^*U 

[0 0 5 1]*JC, l/'>?XhCDVX^2 1 4^8^*1^;?^ 
mz. m2 (E) (c^Ti:'9{c> Ix— tf-T-~;i/lcJ: 

i/XSIC<fc01B«$nfcft«vU3>««2 0 5, 2 0 

s«2 10,21 iRxj^pm<D^»^mm^2 15,21 
6tc«3&t3x 1 o^^n^/cms ommmM^rixi^^^ 

Tzib. u-'*f-^mm'r^:it\z^r). miz<^r)-^y^ 

)Vti^yy^ij>^^n^. U~if-:)tei:LT«, KrF 
X=^>''TU— 1f— (^fe:g2 4 8nm) ^^V^^o Hy^ 
JV^mmmzyy^Vy^T^TztblZ^-i. V~1f-^<D 
mSt^mtJL^)l^—^mi)^ 200-400mJ/cm 
2 , ^JA.t^2 5 0mJ/cm2 <hf^ickV^o Sfe, — 



(7) «rH^8-3 30 6 0 2 

12 

t)^m\Z^^2--2 Oz^ay hOl/— tf-T^T^^^It^n^ 

0 or-r-So 

[0 0 5 2] T:=.-;K^Stc, 
2^ra, 3 5 0t:cDMaPTI^Tr:-;v-rSo 2|s:|l 

[0 0 5 3] li^ViT. ^2 (F) {Z^-^^olZ. 6 
10 0 0 0A<Dm\Mmm2 l 6SrSra«5j&4»i:bT:/^X 

vcvD^icj;oT?^^t-^o ^LT, mmimim2 1 

^ ^ >K r Jl' ^ AKCDSISK Id <fc T NM T F 
T, P^TFTCDS^ • E^2 1 7 - 2 2 1 ^J^^^t" 
-So g^tC, 3 5 O'CO^^^SHg+T, 2^Hfj&Jll31 
«:fT3c (02 (F) ) 

[0 0 5 4] \^±.(DZLn^mX. N^TFT, P^TF 
T S tBMM tC jia^^:b-a: S C M O S T F T >5f«^ 

a? [0 0 5 5] C^M^ 4 ] :J^II5S0yTti, ^^^^b^id 

r-&^i'&{c43ViT, y-x • Y^v^ym^h. lddm 

(:7'^X'TH-t!>i/S(i:'foV^'5) tCJ:0, ffiALfc(7) 

30 [0 0 5 6] jiesft'>U3i>Kof^is^T«, mmmi 

X7^vrc:^mxffvo -ecD^, ^^oLDD^it^^t^ 
mmh'y>i^x^^<ik»o^:&mzxm^r^o v-x- 

[0 0 5 7] m3\zm'r<i:v\z. y-x/Hi/^>^^ 

3 0 1 a:^^:^^;i/®«cDHtcld:, V-X/Fk-O®* 

^tixi^^. t<\z. ]^u^>m(Di&mm^mmmi^s 

40 0 2S:LDDM*StVi3o 

[0 0 5 8] 2|c||jfi««mt, V-X/FU-r>M«3 0 

1 {C[i. X 1 020-^1 X 1 02iM^/cm3 t^i: 
ftASnrVi^p ig:|gS^j|rfif^Mi^3 0 2fCii, 
«;^t4X 1 016^7 X 1 O^^K^/cms {5i5aA$n 

s (fc o fc- ^jv^mmm tcy ^ 3^ u > ^t* ^ <h 

X^^fz^. m'f-mx^^<D\tib-D^f)^'pt3:<. OFF 

[0 0 5 9] C^%fll5] «SA{b<Ott» 

50 7C^«hbTnu/^;l/^«AU;fci!SSttvUa>a<^ffi^ 
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[0 0 6 0] iM\t^mm4t.mmm^^^o 

LDD«« (215-216) \Z\t. mt,mz. 

mcomM^mTL^mmr^. 3x i 017-3 x i o^«m^ 

X 1 O^'^-S X 1 O^^M^/cm^ arf'So 

X (3 1 2) • Hu^> (3 1 3) mmz\t. m<Di^t> 

fPJc, fi!!B*;^«3X 1 0^9-1 X 1 02iM^/cm3 
[0 0 6 1] LDDS«SJD$n-5«0«Stiy-X/ 

DDM^$:N^;^?^^P^fCR^$'li:^fc36tCJi. LDD 

<Dmw^^<D^ri^^\^^fzmm,ti^^ xio^^^-sxio 

[0 0 6 2] 2(s:^JfiWT«, P^OTFT^f^K-T-SIB 
P^©»Si^&##'r-5^M«Sc^^T?5:<> :::!y<ir;l'S: 

z.Lf)^^^^hmz. m\z^K>^mt.'f3.^rcz^v^)v^ 
n, i^^^m^^t\z!i^^<D\r:s:^^^(Dc>u^>TFr^fP 
[0 0 6 3] mmm 6 ] :^mmm'v\t. i^^itcomm 
iyXi.DDmm(Dmmh^>-jx^^m^'r^m\z. v 

-r ^ L D D «^ a: P ^ CD:^jf5fiifel'1' :t > A 

[0 0 6 4] XStiUJS^JS 
;a^iv-x (2 12) • Fk-r> (2 1 3) M^l::> « 

^m^^mmxmmti^sx 1 o^«^i x 1 o^^is^/c 

mMtif^iA^nTVi^o ^fc, LDD^J^ (2 15- 



(8) i|*ig¥8-3 3 0 6 0 2 
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2 16) tCt>, «l^e;^^«ffi-C«i*>^^3X 1 01^-4 
X10^«K^/cm3 taifaA^nri^So Z.<Dtz^. 
V-X • Hl/'1'>««. LDD®«<i:^W^;6>6P^(C 

[0 0 6 5] C(0}/S:85lCtt, V-X-HW>S«Jca 

^<D^n^^\\^^tz.m&t(^^ X 1 o^^-'i X 1 o^ijg^/ 

cm^ t,fs.^^'^\z. LDD««fcaA$n:fe:fli 
i^? §It.i;rcSS7&^3x 1 0^''-3x 1 0^«lE^/cm3 i;^ 
[0 0 6 6] 2^^Jfi^JTfi, P^CDTFT^^rf^ST^eS 
P^cD^mtt^##t'^^jM^(D^T;^<> 

^h\z^^(D\i^'::>^<D^PU^^T¥T^V^mt^z.tLt'^ 

[0 0 6 7] immm i ] *si«s^Ttt, n^»m h ^ 

> >?X 3^ t P h ^ >i^X 3^ t 

it c M o s K ^ > s^x 3^ ^^^^r ^ ^^-r o 

:^^XS^ (r3-::::>^7 0 5 9Xtil 7 3 7) 4 0 1 

±tr, T'^XVCVDfetCctDSttt (I^) <5DT^;i/:7 

TX->Ua>IB&5 0 0A<7);p$JClKKbT, T^IBt 

LTKib^^lK4 0 2<£0l|Atf2 0 0 ^K<DW^\Z^^ 

39 [0 0 6 8] WiZ. T^;i/:7rXi^U3>JH4 0 3(D^ 

;::<»< j^^-r-So ;i<^>KibKcfcO, T^;i/:7rx>'U 

n>K4 0 3CDSM4##:^**»$nSe Xtr>3 
— hS{CJ:0, 1 -3 0 p pm, 10ppm(D 

g^K::::^y^;V^4 0 4^?^j5S'r^o g^K--/>;r;U 
^4 0 4H^^;5:S^^L'TVi-5a:^iKe>;^Vio (S4 
(A) ) 

[0 0 6 9] -ecO^, Sl^lf H«T 5 5 0 4^r^O 

40 fftrri-;l/&liUT. T^;l':7rXvUl3>K4 0 3S: 
JteSflS-r-So in}»«iatc<fcD, »»--/>«r;PS4 0 4;5* 

T^;i':7TX->Un>M4 0 3<D^®:d^e,T^(Z>Kit:a 
IRIS 4 0 2 'vlfift-r S (C^-D T> y^lX'V r X U n > 
^4 0 3CDJg^fiK:^;5^xiff-r^o j@^'fbXScDJ^T^> 

[0 0 7 0] — >>>Jr;i/^c7)^M7C^:0^1 x i 0^« 
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^)V<om&\t. 1 X 1 O^*--! X 1 Oi^M^/cm^ CD 

[0 0 7 1] m^i\:^nrzzyv:2>m^x.y^>>^\y 

T, 0 4 (B) fC^-Tcfc^tC, &JKvUn>^^4 0 
5. 4 0 6 SJ^^KT-So a«>-U3>M«4 0 5flN^ 
TFTO?S^4^^«^L. 'ftfi;^^^>'Ur]>MI^4 0 6 

p F T ostt® s«^-r 

[0 0 7 2] s^jc. :/^X-7CVDSt;:<tOS$ 1 5 
0 0 AcDK^b^^^4 0 7^^a'r^o :k\z. 7.nv^ 

i*(CcfcD7;l/^r.i^AM^4 0 0 0 A<DJl${C««-r 
^:(DT;V^-i^AK(^y^ h«ffi4 0 8> 4 0 9«: 

;«7>v'i?AS0. 2wt^W5ii:T, t D -/iJ7^'!7>r X 

[0 0 7 3] '^\z. y Km^mmm^-^mmm, 
YbUT, ^m\zm^\yU\^^m.muwmmcWi^\ ooa 

[0 0 7 4] 04 (C) {C^"r<fc'5tC. y^hUz^7.h 
t^, y-rh«ffi4 0 8. 4 0 9(Dmmzy:t hUz^Xh 

<i>^7.^4 1 o<i:0^U;^(^iiKa5;^^Si»lbffl[)C^«?|p«t- 

^fcs?). y'1'ha®4 0 8. 4 0 9 <7)fi!lM<^^tC#?LM 

<Dmmmt^4 1 1. 4 1 2;^^^?^^$n^o c<Dgr^m 
ommmim 411. 412 (D^:^fe-ci£«^:f^»&« 

m'v\t. ^Kmcommm{t^4 11, 4i2S:7ooo 

[0 0 7 5] 7* hl^^^X hC0'7;^^4 1 OS:K^*L;/t 

mz. nz^y^ h«ffi4 11,41 2^mmmitvx. 

m^'x!^mf3.mmmim4 09,41 o^m^^^o * 

^f'S. (04 (D) ) 
[0 0 7 6] #?LMCDKffiKfb4&4 11.41 

2, Rr/^^;^^ffi^fb#j4 1 3, 4 14&'TX^tCb 
T. K^bM^M4 0 7&X-;/^>ii^UT, ^-f hitej&Sg 

4 1 5> 4 1 e^-^n^tvr^. jiy^>^:^mtziti 
^(Dmmmit^4 11-41 4^:siy^>^^r. mit 
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^mm4 0 7©^&x-/^>i/pjfigT^n«, ^^^x^y h 

-fX^y^^^yiCcfctJT. Kfl:3t*K4 0 7^X-/^>y 
[0 0 7 7] 04 (E) (C^TJc-^Jt, m^LfS^^m^ 

ummsiim. ^Jimf3:mmmim4 11. 4 1 2<&iis 

-y^y^-r^^b, ^^m<Dmmmim4 1 1> 412 

•So ^i^.m<Dmmmitm4 11,41 2\t^mzm^x 
^^fz,^. m^xmmuWimmim 4 13, 4 1 430^x 

[0 0 7 8] :k\Z. y-rhmS4 0 8, 4 0 9^VX^ 

\zvx. ^^>}^-\^>^m\z^K>. &«'>Un>4 0 

5. 4 0 e\z^nm^&?<r^o :*^mmmx\t. m-fm 

^mXT^fc^lz. K-tf>i!?^:^XfC7K^Tl--l 0% 

iz^^Bivr^y ^ ^ > (phs) ^m^>^o ^fc. H 
a? j^6MK4 15,41 e^^^iSja^^vx^chUTtiti-r^ 

[0 0 7 9] H-hr>i5/J;:cfcD, ^^l^i^U ^ >^*^4 0 

5> 4 0 6fC:feViT, lia*««a$nTVi^««t5iSt« 

17-42 o^tj^j^sn^, z,n^Nm(Dmm&^»i^m 

««4 17-42 OJiTFTOy— X/H W>M«i: 
?^^o ^fc, >/-rh^@4 0 5, 4 0 6 CDmTc0M*^ll 
jB-r :t>3&^iiASn>S:Vifc36. ^^^;l/J^^««4 2 

JO 1, 4 2 2 5^^?^fie$nso M^c, y-f hm»m4 1 5, 

4 1 6<D^\zmt:)nx\^^^m^\t. m^^yti^v^ 
mm4 15,41 Q\zm^n^tz}sb\z. m<o&xmti^^\^ 

$ < , N^OiS«S^«iB«»««4 2 3-4 2 6 fjm^^ 

n^o (04 (E) ) 

[0 0 8 0] fs.^. ±m(oY—\±>^jLmz^\f^x. m 
^:^y(omm^. '^m(DMmm,'^m^mM4 17-42 

9lc::feViT3x 1 0^3-1 X 1 O^ijM^/cm* hU^ 
<t-5{C, MfC, flS;«a!^««ife««4 2 3-42 %\Z^\,^ 
T4 X 1 0^« — 7 X 1 O^^M^/'cm^ .i:Ja:'&<i: 3 tc, 

[0 0 8 1] :k\Z. 04 (F) Ui^Xh42 TXUmV 
3p^> (B2 He ) ^^V^-S. -l':^>K-tf>i/^CDS 

teMSti^iach-r-So c:(^Ji©:^> ©4^'>'Jn>®*^4 0 

6lC:fel:iT, N^CO^i5«a!^j^^fe®«4 1 9, 4 2 0, 

RzfNm(Di&mspffsit^mii4 25. 426 j^-en-en 
50 mnmi^^K^vx. pm(Dmm&^^^mm4 2 s (y 
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-X) , 4 2 9 (Fi^-<» , ms^mcD&m&^mii 
m^ntz^mm^^mmMA i ? (v-x) > 4 1 8 

(Hl^-O) , &t;fi£ai«:^*fi«r««4 2 3. 4 2 4<D 

[0 0 8 2] fs.^. y-X • F W>Mi^i:?^^P 
(DKaiJ[^lffi«^Mi%4 2 8, 4 2 9 (C^^V^T, 

mm^^i$.^(Dm(D^m^r>%z>^i o^»--i x i o 
4 3 1 tc:fev:^T. mm<Dmmf)m(om&^ d 3 x i o^^ 

— 4X 1 O^^M^Xcm^ iS<;^'S)J:3{c, H-tf>^ 

[0 0 8 3] V-J7sh<D^7s^ 2 I A^m^Xyfz 

mz. ^4 (G) {c^-r<i:3{c. l^— Tn-;i/lcJ: 

^/xetCJ:Dli«$n>S:ft«'>Un>®«4 0 5. 4 0 

[0 0 8 4] i^mMm^n.. N^Ji^r/PMoy-X/H 
l^>f>4 17, 4 18> 4 2 8, 4 2 9 1 X 1 

o2o~ 1 X 1 02ijg^/cm3 o^as^aA^n, M 

IC, N^S:tXP^C!><S«aP>FjW«Jffi«4 2 3, 4 2 4, 
4 3 0. 4 3 2 tCti^)OM X 1 O^*--? X 1 O^^Jl^/ 

[0 0 8 5] l^— 1f-3t<hUT«, KrFX^vVlx— 
(«S2 4 8nm) z:.v^)V^ 

^#«X:^;l/^— SaiJ^i^ 200'-400mJ/cm2 , 
««I;^«2 5 Om J/cm2 ii'T^t.fcVio — 

\Z^^L^\^^o 3tOflg|tNfOS«jSaS«2 0 0 

[0 0 8 6] U-if— Tn-;i/CO^fc, S*Sffl^tt«-C 
2R?ra, 3 5 0*CODmST?fRTX-;i/-r'5o iS.^. *ll 

[0 0 8 7] 04 (H) (C^Tct'pfC, i^^lMinCDK 
^b**K&»P^*6l»M4 3 2 <iibT:/^X"TCVDj*tC 

T, z.(o:2-^^^h^-Mz. ^m^n. m^^t^^y 

ffiiiS4 3 3, 4 3 4, 4 3 ^^m^T^o M^tC, 
3 5 0t:©*^#ffl^4'tC:feViT, 2 ^W(^)ini^jai3®2: 



i5 



«pli^8-3 3 0 6 02 



no. ^±.(DjLm^mx. cmos 
^^^nso (04 (H) ) 

[0 0 8 8] ^t:i. :ty^mx\hfz. 

mz. mm^mmt^^o\zhtzfi\ 9t\z. mm^mm 

3fe1*, 13 2 (D) fC^*r<fc^tC, Na^TFTc^ 

s«s:ixi^xh4 2 7T««bT, mm^^y^mxTT 

10 [0 0 8 9] 

^mz\i^r:>^<D^pis.\fmmT¥T^v^m'^^t,fm 

[0 0 9 0] mz. i^^it^m&r^mmtmi:vx:=^ 

\t. n-'^w.±.\zw^(Dn—mm^^'r^m^^mm- 
^m^^^zmz^^^^^. ii^^o<r>\x. oFY^mtim 

x^v^mm^\zmm^ti^mm\z^\^xmmfs.% 
[0 3] mmm 4 <Dmm h^>-j:^^ (om^mx^ 

30 

[04] mmmi (omm.h^>i>7s^(D^mxMmx 

10 1 

1 0 2 T^R 

1 0 3 i^^m^mm 
1 0 5 m^m 
10 6 y-r hjeiRfla 

10 7 V 

40 1 0 8, 2 1 2 y — 

10 9, 2 13 HI/-f >«« 

110,217 1 

111, 218 y — 

112, 219 YV'i>\ 
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(11) 1*51^8-3 3 0 6 0 2 
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(12) «fii5|i8~3 3 0 6 0 2 



m4] 

• ■ » • ■ • « 




(51) Int . CL « aMIB^ JtrtMM*^ F I S^g^^ffiR^f 

H 0 1 L 21/324 H 0 1 L 29/78 6 1 6 A 

6 2 7 G 
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